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(57) ABSTRACT

Embodiments provide for methods, computer program prod-
ucts, and systems to improve media playback comprising
receiving a variant stream, identifying respective maximum
segment durations for a plurality of different types of client
devices that will play media content contained in the variant
stream, generating, using the variant stream, a respective
playlist for each of the plurality of different types of client
devices, wherein the respective playlists each contain dif-
ferent maximum segment durations, and delivering the
respective playlists to at least one of the plurality of different
types of client devices via a distribution network.
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PACKAGER FOR SEGMENTER FLUIDITY

BACKGROUND

[0001] Adaptive bitrate streaming (ABR) is a computer
network streaming technique that can provide continuous,
uninterrupted media playback to a client device. ABR
involves measuring the network bandwidth and data
throughput of the client device in real time, and adjusting the
streaming quality delivered to the client device accordingly.
[0002] The streaming quality is indicative of the size of
the file containing the media content. A high quality stream
indicates a high streaming bitrate, and thus a relatively large
file size. Hence, the high quality stream requires more
network bandwidth and greater data throughput of the client
device to ensure continuous, uninterrupted media playback
on the client device. Similarly, a low quality stream indicates
a small streaming bitrate, and thus a relatively small file size.
Hence, the low quality stream requires less network band-
width and less data throughput of the client device to ensure
continuous, uninterrupted media playback on the client
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] So that the manner in which the above recited
aspects are attained and can be understood in detail, a more
particular description of embodiments described herein,
briefly summarized above, may be had by reference to the
appended drawings. It is to be noted, however, that the
appended drawings illustrate typical embodiments and are
therefore not to be considered limiting; other equally effec-
tive embodiments are contemplated.

[0004] FIG. 1 illustrates a system for delivering client-
specific playlists and processed variant streams to client
devices, according to one embodiment.

[0005] FIG. 2 illustrates encoded variant streams for com-
mon media content, according to one embodiment.

[0006] FIG. 3 illustrates a flowchart for operating a pack-
ager, according to one embodiment.

[0007] FIG. 4 illustrates processed variant streams with
corresponding client-specific playlists, according to one
embodiment.

[0008] FIG. 5 illustrates segment durations and segment
boundaries of different client-specific playlists for the same
variant stream, according to one embodiment.

[0009] FIG. 6 illustrates changing segment duration
groupings at various points of media playback, according to
one embodiment.

[0010] FIG. 7 illustrates media playback on a client
device, according to one embodiment.

DETAILED DESCRIPTION

[0011] So that features of the present disclosure can be
understood in detail, embodiments of the present invention
disclosed herein may reference HTTP Live Streaming
(HLS) as the computer network streaming protocol. The
client device platform or operating system (OS) may be
referenced as OS A, OS B, OS C, and so on. Examples of an
OS include Android™ and iOS™. A client device media
player may be referenced as Media Player A, Media Player
B, Media Player C, and so on. One example of a client
device media player is a JavaScript-based media player.
However, the disclosed embodiments should not be inter-
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preted as being confined to any of the aforementioned
network protocols, platforms or OSs, or media players.
[0012] HLS is a computer network streaming protocol that
can deliver media content via a master playlist. The master
playlist references multiple variant streams, each of which
represents a different streaming quality for the same media
content. Each variant stream includes a media playlist that
references a collection of sequential, maximum-duration
segments of media content to be played in order by a client
device.

[0013] Segments are identified in the media playlist by one
or more Uniform Resource Identifiers (URIs) and, option-
ally, a byte-range. A URI is a string of characters that
identifies a resource on the Internet. Each segment in the
media playlist begins and ends at a segment boundary that
is typically synchronized across the multiple variant
streams. ABR is implemented by adjusting the streaming
quality at these aligned segment boundaries. These adjust-
ments involve switching from a grouping of segments in one
variant stream to a sequential grouping of segments in a
different variant stream.

[0014] Optimizing media playback for HLS may be hin-
dered by differences in client devices or client media play-
ers. Upon beginning media playback, many client devices
download a fixed number of segments, irrespective of the
segments’ duration. Other client devices buffer for a fixed
amount of time, irrespective of the number of segments
downloaded. Hence, different client devices (e.g., clients
with different types of OS or media players) may have
different or opposing performance optimizations for media
playback.

[0015] Further, many media players begin media playback
at a medium streaming quality, rather than a high streaming
quality, to minimize skips in the media playback due to
buffering caused by the inability to sustain an initial high
streaming quality. One disadvantage of beginning media
playback at a medium streaming quality occurs when a
higher streaming quality is supported by the available band-
width and data throughput of the client device. Performance
of the media playback is not optimized in such a case since
time is spent at the medium streaming quality while the
client is downloading a fixed number of segments or down-
loading segments for a fixed amount of time, as opposed to
shifting the media playback to a higher streaming quality as
soon as allowed by the bandwidth and data throughput of the
client.

[0016] For example, assume Client Device A is pro-
grammed to download five segments of 8 second segment
durations before switching to another streaming quality, and
assume that the available bandwidth and data throughput of
the Client Device A supports a high streaming quality at all
points of media playback. If Client Device A begins stream-
ing at a medium streaming quality, and desires a transition
to a high streaming quality, then Client Device A will have
to stream 40 seconds at the medium streaming quality before
making the transition to the high streaming quality. Stream-
ing at a medium streaming quality for 40 seconds is not
optimized media playback because the Client Device A
could have streamed in the high streaming quality for the 40
seconds.

[0017] Resolution of the aforementioned issues, as well as
further optimization of media playback, may be accom-
plished using segment fluidity, which is a technique of
grouping segments during media creation or media process-
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ing such that segments of optimal duration for each particu-
lar client device’s platform may be presented to the respec-
tive client devices as necessary.

[0018] In the embodiments herein, a packager generates
client-specific playlists that reference one or more URIs that
have segment durations optimized for particular types of
client devices. When a client device receives a playlist from
a server, the server can identify the type of client device
making the request, and deliver a playlist optimized for the
particular client device to the client device. The client device
uses the optimized, client-specific playlist to fetch or request
a variable grouping of segments from the server. The vari-
able grouping of segments allows for real time optimization
of segment length for improved media playback perfor-
mance. In this manner, segment fluidity improves media
playback performance on client devices implementing dif-
fering operating systems and media players.

[0019] In one embodiment, the variable grouping of seg-
ments is used to provide shorter segment durations at media
playback startup and seek points, while providing longer
segment durations during parts of the media playback where
an end user is unlikely to initiate a start or seek operation.
[0020] FIG. 1 illustrates a system for delivering client-
specific playlists and processed variant streams to client
devices, according to one embodiment. In this embodiment,
audio-visual (AV) inputs 110 generate a multimedia stream
that is delivered to a transcoder 130. The transcoder 130
converts the multimedia stream into one or more encoded
variant streams, each of which contains the same media
content, but at a different bitrate. The encoded variant
streams include demarcations at segment boundaries that are
aligned across the encoded variant streams. The encoded
variant streams are delivered to a packager 140.

[0021] The packager 140 includes a data unit 142, a
playlist unit 144, and a delivery unit 146. In one embodi-
ment, the data unit 142, the playlist unit 144, and the
delivery unit 146 are software modules executed in hard-
ware (e.g., a processor and memory). The data unit 142
includes data about maximum segment durations that pro-
vides optimal media playback performance for various client
device operating systems 158a and media players 15856. The
maximum segment durations are optimized per client
device. For example, a first type of client device may have
optimal media playback using shorter maximum segment
durations, as compared to a second type of client device with
optimal feedback using longer maximum segment durations.
[0022] The playlist unit 144 identifies the maximum seg-
ment duration of each client device’s operating system 158a
or media player 1585, and creates a respective media playlist
(a client-specific playlist) for each of those client device
operating systems 1584 or media players 15856. The encoded
variant streams are processed such that the maximum seg-
ment durations, or a grouping of maximum segment dura-
tions, are accessible using byte-ranges. The client-specific
playlists are then generated for each processed variant
stream 148.

[0023] The delivery unit 146 delivers the client-specific
playlists to a distribution network 150. There, in one
embodiment, the client-specific playlists and processed vari-
ant streams 148 are first sent to one or more servers 152. The
client-specific playlists are then sent to the client devices
156. The one or more servers service any fetches/requests
from the client devices for segments of media content. That
is, using the client-specific playlists, the client devices 156
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can submit requests to the distribution network 150 for the
segments identified in those playlists in order to play the
media content.

[0024] Alternatively, the client-specific playlists and pro-
cessed variant streams 148 are first sent to one or more
servers 152. The client-specific playlists are then sent to a
content delivery network (CDN) 154, which delivers the
client-specific playlists to the client devices 156 and services
client devices’ fetches/requests for segments of the media
content. In yet another example, the client-specific playlists
and processed variant streams 148 are first sent to a CDN
154, which delivers the client-specific playlists to the client
devices 156 and services client devices’ fetches/requests for
segments of the media content. Use of a CDN to service
fetched/requested segments can improve media playback by
reducing the delivery time of the fetched/requested segments
due to the localization of CDN edge servers.

[0025] FIG. 2 illustrates encoded variant streams for com-
mon (i.e., the same) media content, according to one
embodiment. In this embodiment, Variant Stream 1 206 and
Variant Stream 2 204 are encoded variant streams of differ-
ent streaming qualities (bitrate 1 and bitrate 2). Each variant
stream includes demarcations of potential segments that may
exist after the encoded variant stream is processed. Each
potential segment is designated by equal segment durations
(e.g., 20441-204dn) or by adjacent segment boundaries (e.g.,
20451 and 20452).

[0026] The segment boundaries are aligned across the
variant streams. In this example, ABR variant switching
occurs at the segment boundaries 20451-z and 20651-1. At
each segment boundary, a different variant stream may be
delivered to the client device based on the network band-
width and data throughput of the client device. That is, a
client device implementing ABR can decide, at a segment
boundary, to switch to a lower or higher bitrate variant
stream based on the present network bandwidth and data
throughput of the client device.

[0027] For example, if Bitrate 1 is 5 Mbps and Bitrate 2 is
2 Mbps, then media playback 202 may begin by streaming
at the lower streaming quality Variant Stream 2 204. If the
available network bandwidth and data throughput of the
client device allow for playback of the higher streaming
quality Variant Stream 1 206, then the client device retrieves
the playlist for the Variant Stream 1 and submits requests for
the segments of Variant Stream 1 206. The switch from
Variant Stream 2 204 to Variant Stream 1 206 can occur at
any of the segment boundaries (e.g., 204561 and 20651)
aligned across Variant Stream 1 206 and Variant Stream 2
204.

[0028] Subsequently, if the available network bandwidth
and data throughput of the client device can no longer
sustain the higher streaming quality Variant Stream 1 206,
then the client can request segments of lower streaming
quality Variant Stream 2 204 from the server or CDN
servicing the request. The switch from Variant Stream 1 206
to Variant Stream 2 204 occurs at later segment boundaries
(e.g., 204bn and 206bn) aligned across Variant Stream 1 206
and Variant Stream 2 204.

[0029] A chapter is a point of transition in the media
content. For example, a chapter may indicate the beginning
or end of an advertisement break, or a natural break in a
conversation between characters in the media content. In one
embodiment, chapters operate as segment boundaries. A
chapter may occur at any appropriate location in the media
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playback 202, irrespective of the chapter’s position relative
to a non-chapter segment boundary.

[0030] FIG. 3 illustrates a flowchart for the operation of a
packager, according to one embodiment. Because different
client devices have differing optimal maximum segment
durations for optimal media playback, FIG. 3 provides
techniques for delivering client-optimized segment dura-
tions to each client device. Further, because an optimal
segment duration may change during media playback, FIG.
3 enables optimization techniques for changing the span of
a segment duration in real time. The packager operates to
resolve the aforementioned issues. Although, FIG. 3 is
explained with references to other figures of the present
application, such references are made for clarity and should
not be construed to limit interpretation of FIG. 3 to the
embodiments of the aforementioned figures.

[0031] At block 302, the packager receives encoded vari-
ant streams from a transcoder. Each encoded variant stream
includes demarcations for potential segments of media con-
tent. Each encoded variant stream contains the same media
content, but has a different streaming quality/bitrate. The
beginning and end of each potential segment of media
content is a segment boundary (e.g., 20451 and 20452 in
FIG. 2), which is aligned across all the encoded variant
streams. Two adjacent segment boundaries (e.g., 20451 and
20452) designate a segment duration (e.g., 204dn).

[0032] At block 304, the playlist unit 144 identifies client
devices for the delivery of client-specific playlists and
processed variant streams. In one embodiment, the data unit
142, the playlist unit 144, and the delivery unit 146 are
software modules executed in hardware (e.g., a processor
and memory). The playlist unit 144 may gather data regard-
ing characteristics of the client from the data unit 142, which
is populated with predetermined data about each client
device. The predetermined data may be determined by
testing media players and clients for optimal performance.
For example, field testing may show that for a first type of
client device, using a playlist with a maximum segment
duration of 4 seconds results in faster video startup times,
faster variant switching, or decreased server load, whereas
for a second type of client device, using a playlist with a
maximum segment duration of 8 seconds results in faster
video startup times, faster variant switching, or decreased
server load. Hence, in this example, the maximum segment
duration of 4 seconds is the predetermined data that is a
characteristic of the first client, while the maximum segment
duration of 8 seconds is the predetermined data that is a
characteristic of the second client.

[0033] At block 306, the playlist unit 144 identifies the
maximum segment durations in the encoded variant streams
for optimal playback of each client device. The playlist unit
144 may gather data regarding the maximum segment
durations for each client device from the data unit 142,
which includes data about maximum segment durations that
provides optimal media playback performance for various
client device operating systems 1584 and media players
158b.

[0034] The maximum segment durations are optimized
per client device. For example, a first client device may use
OS B, while a second client device uses OS A; or, the first
client device may use Media Player A while the second
client device uses media player B. The first client may have
an optimal maximum segment duration of 8 seconds, while
the second client device has an optimal maximum segment
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duration of 4 seconds. A playlist that delivers segments with
maximum segment durations optimized for the first client
would negatively impact the playback experience of the
second client device, for at least the reason that the longer
maximum segment duration would give the second client
device fewer opportunities to switch across variant streams
when implementing ABR.

[0035] The aforementioned issue is resolved by providing
client-specific playlists to each client device. Therefore, the
first client device has optimal performance when it receives
client-specific playlists that all have a maximum segment
duration of 8 seconds. Similarly, the second client device has
optimal performance when it receives client-specific play-
lists all of which have a maximum segment duration of 4
seconds.

[0036] At block 308, the packager generates processed
variant streams by segmenting the encoded variant streams
at the demarcations included in the encoded variant streams.
The segmenting of the encoded variant streams may include
segmenting each encoded variant stream into multiple seg-
ment files that collectively comprise the corresponding
processed variant stream. Alternatively, the segmenting of
the encoded variant streams may include preparing each
corresponding processed variant stream for single-file byte-
range access to each maximum duration segment, or a
grouping thereof.

[0037] Because each encoded variant stream includes
demarcations for potential segments of media content, each
processed variant stream includes (realized) segments of
media content. The beginning and end of each segment in
the processed variant stream is a segment boundary, which
is aligned across the processed variant streams per client
device. The difference between the timestamps of two
adjacent segment boundaries indicates a segment duration.

[0038] At block 310, the packager generates client-spe-
cific playlists for each processed variant stream for each
client device. When the packager segments the encoded
variant streams, the playlist unit 144 generates client-spe-
cific playlists for each client device. This is illustrated in
FIG. 4.

[0039] FIG. 4 illustrates variant streams with correspond-
ing client-specific playlists according to one embodiment. In
this embodiment, the three variant streams correspond to the
same media content, and each variant stream includes three
client-specific playlists. In this example, the client-specific
playlists are for client devices that have three different
operating systems or media players. As mentioned above,
the embodiments herein are not limited to generating spe-
cific playlists for clients that have different operating sys-
tems or media players. The packager can generate client-
specific playlists for client devices that have other types of
software or hardware modules.

[0040] As shown, Playlists 1H, 1M, and 1L are playlists
for the same type of client device—i.e., a client device that
uses Media Player A. Playlist 1H 412 is a client-specific
playlist for the high quality Variant Stream 1 410. Playlist
1M 422 is a client-specific playlist for the medium quality
Variant Stream 2 420. Playlist 11 432 is a client-specific
playlist for the low quality Variant Stream 3 430. The Media
Player A in this embodiment has optimal media playback
performance with 2 second segment durations. Therefore,
the maximum segment duration in Playlists 1H, 1M, and 1L,
spans 2 seconds.
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[0041] Playlists 2H, 2M, and 2L are optimized for a client
device implementing OS A. Playlist 2H 414 is a client-
specific playlist for the high quality Variant Stream 1 410.
Playlist 2M 424 is a client-specific playlist for the medium
quality Variant Stream 2 420. Playlist 21 434 is a client-
specific playlist for the low quality Variant Stream 3 430. In
this embodiment, OS A has optimal media playback perfor-
mance with 4 second segment durations. Therefore, the
maximum segment duration in Playlists 2H, 2M, and 2L
spans 4 seconds.

[0042] Playlists 3H, 3M, and 3L are made available to a
client implementing OS B. Playlist 3H 416 is a client-
specific playlist for the high quality Variant Stream 1 410.
Playlist 3M 426 is a client-specific playlist for the medium
quality Variant Stream 2 420. Playlist 3L 436 is a client-
specific playlist for the low quality Variant Stream 3 430. In
this embodiment, OS B has optimal media playback perfor-
mance with 8 second segment durations. Therefore, the
maximum segment duration in Playlists 3H, 3M, and 3L
spans 8 seconds.

[0043] ABR is implemented by delivering appropriate
segments from the high, medium, or low quality variant
streams of the client-specific playlists for the same client
device. For example, if playback is presently using segments
from Playlist 3M 426, then the client downloads segments
for OS A from the medium quality Variant Stream 2 420.
[0044] If available network bandwidth and data through-
put allows switching to the higher quality Variant Stream 1
410, then segments from Playlist 3H 416, for which OS A is
the client device, is delivered to the client device. Alterna-
tively, if available network bandwidth and data throughput
cannot sustain uninterrupted playback of the medium quality
Variant Stream 2 420, then segments from Playlist 3L 436,
for which OS A is the client device, is delivered to the client
device. In this manner, the client device can request client-
specific playlists that have the optimized segment duration.
[0045] In one embodiment, the client-specific playlists are
UTF-8 text files containing a list of one or more URIs and
descriptive tags. The URIs identify the segments of media
content in the processed variant streams. The descriptive
tags specify information and parameters of the client-spe-
cific playlists.

[0046] In one embodiment, each URI in the list is imme-
diately preceded by an EXTINF tag, which indicates a
segment duration of the segment corresponding to the URI.
A segment grouping may be designated by EXT-X-
BYTERANGE tags, which indicate a range of the URI
resource corresponding to the segment grouping. The client-
specific playlist includes an EXT-X-ENDLIST tag, which
indicates that there are no more segments in the client-
specific playlist.

[0047] In one embodiment, the client-specific playlists
include byte-ranges that designate an optimized maximum
segment duration for the respective client device. For
example, if a client device uses OS A, it may have an optimal
maximum segment duration of 4 seconds. This client device
receives Playlist 2H 414 representing the high streaming
quality processed Variant Stream 1 410, Playlist 2M 424
representing the medium streaming quality Variant Stream 2
420, and Playlist 21. 434 representing the low streaming
quality Variant Stream 3 430.

[0048] Because the client-specific playlists have segments
and segment boundaries aligned across the processed variant
streams, the client device can switch between streaming
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qualities by requesting a grouping of segments from one of
the client-specific playlists not presently being used by the
client device. The server that services the request will then
deliver sequential segments from the client-specific playlist
corresponding to the desired streaming quality to the client
device at the next segment boundary.

[0049] Returning to FIG. 3, at block 312, the packager
delivers the client-specific playlists to the client via a
distribution network. In one embodiment, the delivery unit
146 delivers the client-specific playlists to a distribution
network 150. In the distribution network 150, the client-
specific playlists and processed variant streams 148 are first
sent to one or more servers 152. When a client device
requests media content, a server may determine the type of
client device based on user agent data included in the
headers of the media content request. The one or more
servers then deliver the appropriate client-specific playlists
to the client device 156, and service any fetches/requests
from the client device for segments of media content.

[0050] In another embodiment, the delivery unit 146
delivers one or more master playlists to a distribution
network 150. In the distribution network 150, the master
playlists are first sent to one or more servers 152. The one
or more servers 152 may include multiple master playlists
from multiple sources. Each master playlist includes variant
streams with equal segment durations for all the variant
streams in that respective master playlist. However, the
segment durations for the variant streams differ between
each master playlist. For example, master playlist A may
include variant streams Al, A2, and A3, each with segment
durations of 4 seconds, while master playlist B may include
variant streams B1, B2, and B3, each with segment durations
of 8 seconds. When a client device requests media content,
a server delivers a master playlist containing optimal seg-
ment durations for the client device to the client device. The
server then services any fetches/requests from the client
device for segments of media content.

[0051] Inanother embodiment, the client-specific playlists
and processed variant streams 148 are first sent to one or
more servers 152. The client-specific playlists are then sent
to a content delivery network (CDN) 154. When a client
device requests media content, the CDN may determine the
type of client device based on user agent data included in the
headers of the media content request. The CDN then delivers
the appropriate client-specific playlists to the client device
156, and services the client device’s fetches/requests for
segments of media content.

[0052] In yet another embodiment, the client-specific
playlists and processed variant streams 148 are first sent to
a CDN 154. When a client device requests media content,
the CDN determines the type of client device based on user
agent data included in the headers of the media content
request. The CDN then delivers the appropriate client-
specific playlists to the client device 156, and services client
device’s fetches/requests for segments of media content.
Use of a CDN to service fetched/requested segments can
improve media playback by reducing the delivery time of
the fetched/requested segments due to the localization of
CDN edge servers. This embodiment differs from the pre-
vious embodiment in that this embodiment only uses a CDN
to distribute playlists to the client devices, whereas the
previous embodiment can use a combination of servers and
CDNs to distribute playlists to the client devices.
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[0053] FIG. 5 illustrates segment durations and segment
boundaries of different client-specific playlists for a single
variant stream (e.g., Variant Stream 1 in FIG. 4). In one
embodiment, a high quality variant stream includes three
client-specific playlists 504, 506, and 508. Three client
device operating systems and media players are represented
in the client-specific playlists: OS A, OS B, and Media
Player A.

[0054] Playlist 1H includes segments optimized for a
Media Player A. Two adjacent segment boundaries (e.g.,
50461 and 50452) designate a segment duration (e.g.
504d1). ABR may operate to switch the streaming quality at
a segment boundary (e.g., 50452).

[0055] Playlist 2H includes segments optimized for OS A.
Two adjacent segment boundaries (e.g., 50651 and 50652)
designate a segment duration (e.g. 50641). ABR may oper-
ate to switch the streaming quality at a segment boundary
(e.g., 50652).

[0056] Playlist 3H includes segments optimized for OS B.
Two adjacent segment boundaries (e.g., 508561 and 50852)
designate a segment duration (e.g. 50841). ABR may oper-
ate to switch the streaming quality at a segment boundary
(e.g., 50852).

[0057] The segment durations of Playlists 1H, 2H, and 3H
may differ from one another. For example, Playlist 3H may
have a segment duration of 8 seconds, Playlist 2H may have
a segment duration of 4 seconds, and Playlist 1H may have
a segment duration of 2 seconds. Hence, in one embodiment,
Playlists 1H, 2H, and 3H reference, in the same variant
stream, segments having segment durations that differ
between the respective playlists.

[0058] The maximum segment durations optimized per
client device improve media playback as compared to, for
example, receiving a fixed-duration segment duration for all
client devices. For example, a first client device running OS
B has an optimal maximum segment duration of 8 seconds,
while a second client device running OS A has an optimal
maximum segment duration of 4 seconds. A playlist that
delivers segments with maximum segment durations opti-
mized for the first client would negatively impact the
playback experience of the second client device, for at least
the reason that the longer maximum segment duration would
give the second client device fewer opportunities to switch
across variant streams when implementing ABR. In addi-
tion, having maximum segment durations that are too small
unnecessarily increases the number of segment fetches/
requests executed by the client device, thereby wasting
processing power from the client device and increasing the
load on the server that is servicing the fetches/requests.
[0059] Further, if a client device media player is pro-
grammed to download a fixed number of segments before
implementing ABR, then maximum segment durations that
are longer than the client device’s optimized maximum
segment duration may prolong the time spent at an undesired
streaming quality, since more time would be required to
download the segments with the longer maximum segment
duration. For example, if segments with 8 second segment
durations are delivered to a client device that is optimized
for 2 second segment durations, and the client device’s
media player is programmed to download 2 segments before
being allowed to switch to a different streaming quality, then
the segments with 8 second segment durations would force
a wait time of 16 seconds before the media player could
implement ABR, as compared to a wait time of 4 seconds for
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the segments with 2 second segment durations. Therefore, if
the media player wanted to switch to a superior streaming
quality after a start or seek point, the media player would
deliver 12 seconds more of inferior streaming quality to the
end user before switching to the better quality stream when
using segments with 8 second segment durations, as com-
pared to when the media player is using 2 second segment
durations.

[0060] Further, if a client device media player is pro-
grammed to download segments for a fixed amount of time
before implementing ABR, then maximum segment dura-
tions that are longer than the client device’s optimized
maximum segment duration would prolong the time spent at
an undesired streaming quality, since the media player
would necessarily overshoot the time needed before imple-
menting ABR.

[0061] For example, if segments with 8 second segment
durations are delivered to a client device that is optimized
for 2 second segment durations, and the client device’s
media player is programmed to download segments for 10
seconds before being allowed to switch to a different stream-
ing quality, then the 8 second segments would overshoot the
required download time by 6 seconds, since two 8 second
segments would be downloaded, as ABR cannot be imple-
mented during a segment, and the required 10 seconds of
segment downloads is not met by downloading one 8 second
segment. Therefore, if the media player wanted to switch to
a superior streaming quality after a start or seek point, the
media player would deliver 6 seconds more of inferior
streaming quality to the end user before switching to the
better quality stream when using segments with 8 second
segment durations, as compared to when the media player
when using 2 second segment durations.

[0062] FIG. 6 illustrates changing segment duration
groupings at various points of media playback, according to
one embodiment. Variable segment duration groupings
make use of segment fluidity to combine shorter duration
segments into longer duration segments in real time. Spe-
cifically, a variable segment duration grouping is an opti-
mization enabled by using client-specific playlists that
include byte-ranges to identify segments in the processed
variant streams.

[0063] For instance, playlist 1H 412 from FIG. 4 illus-
trates a client device with a maximum segment duration of
2 seconds. However, all of the segments designated in
playlist 1H 412 are static. Media playback using playlist 1H
will stream a series of 2 second segments. The variable
segment duration groupings, on the other hand, allows for
building larger segments based on the maximum duration
segments for optimization during changing playback con-
ditions.

[0064] Inone embodiment, segment durations are changed
by grouping one or more maximum segment durations.
Adjacent segment boundaries (e.g., 60851 and 60852) define
a segment and segment duration. ABR may operate to switch
the streaming quality at a segment boundary (e.g., 60853).
Each segment is identifiable using byte-ranges in a client-
specific playlist. Multiple segments may be grouped
together using byte-ranges.

[0065] In this example, the client device reaches optimal
media playback performance with a maximum segment
duration spanning 2 seconds. The client device begins media
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playback 602 in a medium streaming quality. The starting
point of the media playback, Start 604, occurs at a segment
boundary 60851.

[0066] At Start 604, the client device downloads multiple
segments of 2 second durations, which provide multiple
opportunities—i.e., multiple segment boundaries 60852,
60853—to switch to a different streaming quality. Having
multiple opportunities to switch between streaming qualities
at the Start 604 reduces the time needed to achieve optimal
playback performance, since the streaming quality may be
switched at an earlier segment boundary 60852. Similarly,
the time needed to achieve optimal playback performance
may be reduced for client device media players that require
a fixed amount of segments to be downloaded before switch-
ing to a different streaming quality, since the condition for
switching can be satisfied at an early time during the media
playback 602.

[0067] After downloading the initial set of multiple seg-
ments, the client device uses byte-ranges to request a group-
ing of three consecutive segments. The grouping comprises
a combined 6 second segment designated by adjacent seg-
ment boundaries 60863 and 60854. Allowing dynamic
grouping of segments balances the aforementioned optimi-
zation of media playback performance with reducing the
load on the server delivering the segments, since longer
segments are easier for a server to process than multiple
shorter segment counterparts.

[0068] A seek point is a specific position in the media
playback 602 that is selected by the end-user of the media
player. The Seek 606 begins at a segment boundary 60854.
At the Seek 606, the client device downloads multiple
segments of 2 second durations. Unless the client device has
access to a cache containing segments necessary for imme-
diate media playback, a seek will operate like a starting
point. Hence, the seek will download an initial set of smaller
multiple segments and then dynamically group the smaller
segments into larger segments.

[0069] FIG. 7 illustrates media playback on a client
device, according to one embodiment. In this embodiment,
a client device requests multiple segments via a client-
specific playlist to output media content to an end user. The
client device is enabled to group segments dynamically for
optimization of media playback.

[0070] At block 702, the client device receives one or
more client-specific playlists. Each client-specific playlist
references one or more segments using byte-range tags.
Each client-specific playlist corresponds to a different pro-
cessed variant stream, which represents the same media
content at different bitrates. Each client-specific playlist
includes an Endlist tag, which marks the end of the one or
more client-specific playlists.

[0071] In one embodiment, to receive the client-specific
playlist, the client device sends identifying information to
the packager, which uses the information to determine the
type of the client device, and thus, the optimal playlist for
the client device. The packager then sends the client device
(or more specifically, the media player on the client device)
the optimal playlist. Once the playlist is identified, the client
device can request the playlist from the distribution network
and then begin to download segments of the media content
using the playlist as described below.

[0072] In another embodiment, the client device identifies
itself to a CDN (rather than the packager) containing play-
lists and variant streams. The CDN identifies a playlist with
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a maximum segment duration that is optimal for media
playback on the client device, the client device requests the
identified playlist, and the CDN delivers this playlist to the
client device.

[0073] At block 704, the client device sends a fetch/
request for a segment of the processed variant stream
referenced by the one or more client-specific playlists. The
first time a client device requests a segment of media content
after a start or seek point, the fetch/request will be for a
segment having the maximum segment duration specified in
the client-specific playlist.

[0074] The client device can implement ABR by targeting
segments referenced in a different client-specific playlist
(i.e., one of the received client-specific playlists that repre-
sent a different variant stream) to change streaming qualities.
The client device makes the decision to fetch/request the
segment from a different client-specific playlist based on the
available network bandwidth and present data throughput of
the client device.

[0075] At block 706, the client device receives the
fetched/requested segments of the processed variant stream.
At block 708, the client device plays the media content
referenced by the fetched/requested segment.

[0076] At block 710, the client device may use byte-
ranges to group a plurality of segments into a single segment
grouping to be fetched/requested from the one or more
processed variant streams. A client device may group
together multiple, sequential segments of the maximum
segment duration specified in the client-specific playlists
using byte-ranges. Grouping multiple segments into a single
segment may optimize media playback by decreasing the
amount of processing power used by the client device when
compared to requesting, receiving, and processing multiple
segments. Further, grouping multiple segments into a single
segment reduces the load on a server that is servicing the
client device’s fetches/requests for media content, for simi-
lar reasons.

[0077] At block 712, if the last segment has been reached,
playback of the media content referenced by the one or more
client-specific playlists is terminated, as per block 714. If the
Endlist tag has not been reached, the client device continues
the streaming operation as per block 704.

[0078] In the current disclosure, reference is made to
various embodiments. However, it should be understood that
the present disclosure is not limited to specific described
embodiments. Instead, any combination of the following
features and elements, whether related to different embodi-
ments or not, is contemplated to implement and practice the
teachings provided herein. Additionally, when elements of
the embodiments are described in the form of “at least one
of A and B,” it will be understood that embodiments
including element A exclusively, including element B exclu-
sively, and including element A and B are each contem-
plated. Furthermore, although some embodiments may
achieve advantages over other possible solutions or over the
prior art, whether or not a particular advantage is achieved
by a given embodiment is not limiting of the present
disclosure. Thus, the aspects, features, embodiments and
advantages disclosed herein are merely illustrative and are
not considered elements or limitations of the appended
claims except where explicitly recited in a claim(s). Like-
wise, reference to “the invention” shall not be construed as
a generalization of any inventive subject matter disclosed



US 2021/0084354 Al

herein and shall not be considered to be an element or
limitation of the appended claims except where explicitly
recited in a claim(s).

[0079] As will be appreciated by one skilled in the art,
embodiments described herein may be embodied as a sys-
tem, method or computer program product. Accordingly,
embodiments may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, embodiments described herein may
take the form of a computer program product embodied in
one or more computer readable medium(s) having computer
readable program code embodied thereon.

[0080] Program code embodied on a computer readable
medium may be transmitted using any appropriate medium,
including but not limited to wireless, wireline, optical fiber
cable, RF, etc., or any suitable combination of the foregoing.
[0081] Computer program code for carrying out opera-
tions for embodiments of the present disclosure may be
written in any combination of one or more programming
languages, including an object oriented programming lan-
guage such as Java, Smalltalk, C++ or the like and conven-
tional procedural programming languages, such as the “C”
programming language or similar programming languages.
The program code may execute entirely on the user’s
computer, partly on the user’s computer, as a stand-alone
software package, partly on the user’s computer and partly
on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider).

[0082] Aspects of the present disclosure are described
herein with reference to flowchart illustrations or block
diagrams of methods, apparatuses (systems), and computer
program products according to embodiments of the present
disclosure. It will be understood that each block of the
flowchart illustrations or block diagrams, and combinations
of blocks in the flowchart illustrations or block diagrams,
can be implemented by computer program instructions.
These computer program instructions may be provided to a
processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus
to produce a machine, such that the instructions, which
execute via the processor of the computer or other program-
mable data processing apparatus, create means for imple-
menting the functions/acts specified in the block(s) of the
flowchart illustrations or block diagrams.

[0083] These computer program instructions may also be
stored in a computer readable medium that can direct a
computer, other programmable data processing apparatus, or
other device to function in a particular manner, such that the
instructions stored in the computer readable medium pro-
duce an article of manufacture including instructions which
implement the function/act specified in the block(s) of the
flowchart illustrations or block diagrams.

[0084] The computer program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
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apparatus or other device to produce a computer imple-
mented process such that the instructions which execute on
the computer, other programmable data processing appara-
tus, or other device provide processes for implementing the
functions/acts specified in the block(s) of the flowchart
illustrations or block diagrams.

[0085] The flowchart illustrations and block diagrams in
the Figures illustrate the architecture, functionality, and
operation of possible implementations of systems, methods,
and computer program products according to various
embodiments of the present disclosure. In this regard, each
block in the flowchart illustrations or block diagrams may
represent a module, segment, or portion of code, which
comprises one or more executable instructions for imple-
menting the specified logical function(s). It should also be
noted that, in some alternative implementations, the func-
tions noted in the block may occur out of the order noted in
the Figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order or
out of order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams or
flowchart illustrations, and combinations of blocks in the
block diagrams or flowchart illustrations, can be imple-
mented by special purpose hardware-based systems that
perform the specified functions or acts, or combinations of
special purpose hardware and computer instructions.

[0086] While the foregoing is directed to embodiments of
the present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.

What is claimed is:
1. A method, comprising:

identifying respective maximum segment durations for a
plurality of different types of client devices that will
play media content contained in a first variant stream;

generating, based on the first variant stream, a respective
playlist for each of the plurality of different types of
client devices, wherein the respective playlists each
contain different maximum segment durations; and

delivering at least one of the respective playlists to at least
one client device of the plurality of different types of
client devices via a distribution network.

2. The method of claim 1, further comprising:

generating, based on a second variant stream correspond-
ing to the same media content as the first variant stream
but having a different bitrate, a respective playlist for
each of the plurality of client devices that each contain
different maximum segment durations, wherein each of
the respective playlists generated from the second
variant stream is aligned across chapters in the same
media content and across segment boundaries with a
corresponding one of the respective playlists generated
from the first variant stream.

3. The method of claim 1, wherein identifying the maxi-
mum segment duration for each of the plurality of different
types of client devices is based on at least one of an
operating system and a media player of the plurality of client
devices.

4. The method of claim 1, wherein each of the respective
playlists references a single Uniform Resource Indicator.
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5. The method of claim 1, further comprising:

inserting byte-range tags into the respective playlists to
demarcate each segment boundary and chapter in the
first variant stream.

6. The method of claim 1, further comprising:

receiving a request for a grouped segment from one of the
plurality of different types of client devices, wherein
the grouped segment is identified by a byte-range that
includes multiple segments of the maximum segment
duration.

7. Anon-transitory computer-readable medium containing
computer program code that, when executed by operation of
one or more computer processors, performs an operation
comprising:

identifying respective maximum segment durations for a

plurality of different types of client devices that will
play media content contained in a first variant stream;

generating, based on the first variant stream, a respective
playlist for each of the plurality of different types of
client devices, wherein the respective playlists each
contain different maximum segment durations; and

delivering the respective playlists to at least one of the
plurality of different types of client devices via a
distribution network.

8. The non-transitory computer-readable medium of claim
7, the computer-readable program code further configured
to:

generate, based on a second variant stream corresponding
to the same media content as the first variant stream but
having a different bitrate, a respective playlist for each
of the plurality of client devices that each contain
different maximum segment durations, wherein each of
the respective playlists generated from the second
variant stream is aligned across chapters in the same
media content and across segment boundaries with a
corresponding one of the respective playlists generated
from the first variant stream.

9. The non-transitory computer-readable medium of claim
7, the computer-readable program code further configured
to:

identify the maximum segment duration for each of the
plurality of different types of client devices is based on
at least one of an operating system and a media player
of the plurality of client devices.

10. The non-transitory computer-readable medium of
claim 7, wherein each of the respective playlists reference a
single Uniform Resource Indicator.

11. The non-transitory computer-readable medium of
claim 7, the computer-readable program code further con-
figured to:

insert byte-range tags into the respective playlists to
demarcate each segment boundary and chapter in each
of the first variant stream.

12. The non-transitory computer-readable medium of
claim 7, the computer-readable program code further con-
figured to:

receive a request for a grouped segment from one of the
plurality of different types of client devices, wherein
the grouped segment is identified by a byte-range that
includes multiple segments of the maximum segment
duration.
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13. A system, comprising:
a data unit comprising data indicating maximum segment
durations for a plurality of different types of client
devices;
a playlist unit configured to:
identify respective maximum segment durations for a
plurality of different types of client devices that will
play media content contained in a first variant
stream; and

generate, based on the first variant stream, a respective
playlist for each of the plurality of different types of
client devices, wherein the respective playlists each
contain different maximum segment durations; and

a delivery unit configured to deliver the respective play-
lists to at least one of the plurality of different types of
client devices via a distribution network.

14. The system of claim 13, wherein the playlist unit is

further configured to:
generate, based on a second variant stream corresponding
to the same media content as the first variant stream but
having a different bitrate, a respective playlist for each
of the plurality of client devices that each contain
different maximum segment durations, wherein each of
the respective playlists generated from the second
variant stream is aligned across chapters in the same
media content and across segment boundaries with a
corresponding one of the respective playlists generated
from the first variant stream.
15. The system of claim 13, wherein identifying the
maximum segment duration for each of the plurality of
different types of client devices is based on at least one of an
operating system and a media player of the plurality of client
devices.
16. The system of claim 13, wherein each of the respec-
tive playlists reference a single Uniform Resource Indicator.
17. The system of claim 13, wherein the playlist unit is
configured to insert byte-range tags into the respective
playlists to demarcate each segment boundary and chapter in
the first variant stream.
18. The system of claim 13, wherein the delivery unit is
configured to receive a request for a grouped segment from
one of the plurality of different types of client devices,
wherein the grouped segment is identified by a byte-range
that includes multiple segments of the maximum segment
duration.
19. A computing system, comprising:
a processor; and
a memory, wherein the memory stores a program that
performs an operation when executed by the processor,
the operation comprising:
receiving a request for a first playlist from a first type
of client device, wherein the first playlist includes a
first maximum segment duration customized for the
first type of client device;

receiving a request for a second playlist from a second
type of client device, wherein the second playlist
includes a second maximum segment duration cus-
tomized for the second type of client device, wherein
the first type of client device and second type of
client device are different, and the first and second
maximum segment durations are different; and

transmitting the first and second playlists to the first and
second types of client devices, respectively.
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20. The computing system of claim 19, the operation
further comprising:
receiving a request for a grouped segment from at least
one of the first and second types of client devices,
wherein the grouped segment is identified by a byte-
range that includes multiple segments of the respective
maximum segment duration.

#* #* #* #* #*
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